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suggested that the flavivirus capsid does not share theVisualizing the House
organization of the surface proteins. The absence of afrom the Brick structure for the flavivirus capsid makes the interpreta-
tion of the capsid protein structure akin to inferring the
organization of a house from a brick. Nevertheless, such
hypotheses are the only route toward understanding
these important structures.
Ma et al. (2004) used an elegant NMR method to deter-
In this issue of Structure, Dokland et al. (2004) present mine the structure of a dimer of the Dengue virus capsid
the crystal structure of West Nile Virus capsid protein protein. They demonstrated that the flavivirus capsid
and open a new perspective on the possible structure protein is a novel fold. The monomer comprises a core
of the flavivirus capsid. of three helices, 1–3, with a fourth, 4, extending from
the core. The dimer showed an uneven distribution of
charge. They proposed that the dimer would be oriented
The structures of virus capsid proteins were once fairly in the virus with its positively charged regions extending
predictable. The occurrence of a common fold in the centrally to interact with the RNA and the hydrophobic
first virus structures solved by X-ray crystallography led region interacting with the membrane (Figure 1).
to the inference that it might be a consistent feature of Dokland et al. (2004) determined the crystal structure
virus structures. Membrane viruses, as is so often the of the capsid protein of the Kunjin strain of West Nile
case, proved exceptions to this generalization. The pre- virus. Their structure confirms the dimer structure pre-
diction that the alphavirus capsid protein would be simi- sented by Ma et al. (2004) and revealed flexibility in the
lar to the nonenveloped ones (Fuller and Argos, 1987) 1 helix. The structure also revealed that the dimers form
was proven false by the Sindbis capsid protein structure tetramers in the crystal. This shields the hydrophobic
(Choi et al., 1991). Indeed, a serine protease proved a regions during crystal formation and provides a highly
better model for the alphavirus capsid. positively charged surface that could interact with the
Alphavirus and flaviviruses are two icosahedral mem- viral genome (Figure 1). They point out that the tetramers
brane viruses bearing type two fusion proteins with the form filaments reminiscent of those formed by the HEAT
same fold (Lescar et al., 2001; Rey et al., 1995). The motifs in many nucleic acid interacting proteins. The
capsid proteins of the alphaviruses form their icosahe- ribbons formed in the crystal illustrate the types of inter-
dral shells prior to the interaction with the envelope actions that could be used to build the more complex
proteins. This interaction and lateral interactions be- network required to construct a capsid. An order-disor-
tween spikes drives virus budding from the plasma der transition of the 1 helix appears to modulate these
membrane. The nucleocapsid can be isolated from in- interactions as is common in virus capsid assembly.
fected cells and from virions. Image reconstructions
from cryo-electron micrographs established the organi-
zation of the complementary T  4 nucleocapsid and
envelope protein layers (Mancini et al., 2000). The capsid
protein contains a positively charged tail that interacts
with the viral RNA and is toward the center of the nucleo-
capsid (Choi et al., 1991).
The similarity between the fusion proteins does not
extend to the capsid of the flaviviruses. Icosahedral cap-
sids are difficult to isolate from virions or infected cells. Figure 1. Surface Potential of Flavivirus Capsid Oligomers
Image reconstruction from cryo-electron micrographs of
The GRASP (Nicholls et al., 1991) representation of the surface
mature or immature viruses show well-ordered envelope potential for the dengue virus capsid protein dimer (left) and the
proteins (Kuhn et al., 2002; Zhang et al., 2003) but reveal West Nile virus capsid protein tetramer (right). The face proposed
to be against the membrane is facing the viewer in both images.no ordered density for the capsid. Kuhn et al. (2002)
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into an effector complex called RISC, the RNA-inducedsiRNAs at RISC
silencing complex, to select its target, a homologous
mRNA for destruction in the case of siRNAs or, for
miRNAs, blocking mRNA translation (Carrington and
Ambros, 2003; Hammond et al., 2001; Martinez et al.,A recent report (Ma et al., 2004) describes the crystal
2002). RISC contains an Argonaute protein as its signa-structure of a “mini-siRNA” bound to a PAZ domain.
ture component, which has two characteristic domains,
PAZ, also found in Dicer family proteins, and PIWI (Car-RNA interference (RNAi) has taken experimental biology
mell et al., 2002; Cerutti et al., 2000). In Drosophila,by storm in recent years, as RNAi has quickly evolved
loading appears to occur via an intermediate complex,from a biological curiosity in plants and nematodes into
the RISC loading complex that contains Dicer-2 anda powerful gene knock down technology in many
R2D2 (Liu et al., 2003).eukaryotic systems, including worms, flies, and mam-
Though there has been remarkable progress in defin-mals. This evolutionary conserved pathway (reviewed
ing the cast of characters involved in the RNAi pathway,in Hannon [2002]) is triggered in response to exogenous
we still do not understand how they work at the molecu-dsRNA introduced to cells, for example, by viral infection
lar level to orchestrate this process. This is where theor transfection of in vitro synthesized dsRNA, as well
structural biologists are starting to make an impact. Ouras by the expression of endogenously encoded RNAi
first glimpse into the molecular machinery of RNAi cametriggers, microRNAs (miRNA). Depending on the nature
with three separate reports of the three-dimensionalof the dsRNA trigger and the biological system in which
structures of the PAZ domains of Argonaute proteinsit is expressed, RNAi results in the downregulation of a
(Lingel et al., 2003; Song et al., 2003; Yan et al., 2003).homologous target gene through the cleavage, transla-
These implicated the PAZ domain as an RNA bindingtional repression, or transcriptional inhibition of its
module for Argonautes. It was also suggested that themRNA. The RNAi machinery has been linked to the es-
PAZ domain acts as a specificity determinant for siRNAtablishment of heterochromatin and proper centromere
or pre-miRNA structures since it appears to bind tofunction in fission yeast (Hall et al., 2002; Volpe et al.,
the characteristic two-nucleotide 3 overhang of siRNAs2002) and appears to have prominent roles during the
(Song et al., 2003). Now, Patel and his colleagues havedevelopment of multicellular eukaryotic organisms through
determined the crystal structure of the human Argo-action of miRNAs (Carrington and Ambros, 2003).
naute1 (eIF2c1) PAZ with a 9-mer RNA that formed aTwo core proteins are universally associated with
“mini siRNA,” an siRNA look-alike with a 7-base pairRNAi-related silencing phenomena: Dicer and Argonaute.
A-form duplex and a two-nucleotide 3 overhang at eachDicer is an RNase III type nuclease that cleaves dsRNA
end (Ma et al., 2004). As for the two fly proteins, theto generate short interfering RNAs (siRNAs), which are
human Ago1 PAZ domain adopts an OB-like -barreldsRNA of 19–24 nucleotides with two-nucleotide 3
fold with an  module attachment and a cleft in be-overhangs and a 5 phosphate at each end (Bernstein
tween. The cleft was implicated by mutagenesis andet al., 2001). Dicer also cleaves short hairpin miRNA
NMR chemical shift perturbations in RNA binding (Lingelprecursors, which are in turn produced by a related
et al., 2003; Song et al., 2003; Yan et al., 2003). Now wenuclease called Drosha, to generate miRNAs (Lee et al.,
2003). These structures, siRNAs or miRNAs, are loaded can see how the siRNA actually binds. The RNA strand
